The 1990s and early 2000s witnessed an unprecedented increase in central bank transparency around the world, yet there has been little empirical work that convincingly demonstrates any economic benefits of increased central bank transparency. This paper shows that, since the late 1980s, U.S. financial markets and private sector forecasters have become: 1) better able to forecast the federal funds rate at horizons out to several months, 2) less surprised by Federal Reserve announcements, 3) more certain of their interest rate forecasts ex ante, as measured by interest rate options, and 4) less diverse in the cross-sectional variety of their interest rate forecasts. We also show that increases in Federal Reserve transparency are likely to have played a role: for example, private sector forecasts of GDP and inflation have not experienced similar improvements over the same period, indicating that the improvement in interest rate forecasts has been special.
Introduction
The 1990s and early 2000s witnessed an unprecedented increase in central bank transparency, with New Zealand, Canada, the U.K., Sweden, Finland, Israel, Australia, Spain, the European Central Bank, Norway, and several developing countries all adopting an inflation targeting framework for monetary policy, 1 and many other central banks dramatically increasing the amount of information regularly released to the public. In the U.S., the Federal Reserve began explicitly announcing changes in its federal funds rate target in 1994, began indicating the likely future course of interest rates or "balance of risks" to its economic outlook in 1999, and began releasing individual votes of Committee members in 2002, to name just a few examples (see Table 1 for additional examples).
Yet despite the apparent international consensus that increased central bank transparency conveys economic benefits, there is very little empirical work convincingly demonstrating the existence of any such benefits.
One reason for the shortage of conclusive results may be the ambitiousness of previous emprical studies. Demertzis and Hughes Hallett (2002) look for a relationship between central bank transparency and the level or the variability of inflation and output across countries. But cross-country differences in fiscal policies, institutions, and macroeconomic shocks are often large, and the length of time series since the last central bank regime change in most countries is small, particularly for the many countries that adopted inflation targeting in the 1990s. Thus, Bernanke, Laubach, Mishkin, and Posen (1999) note that drawing any conclusions from this type of exercise "is difficult and somewhat speculative" (p. 252); Bernanke et al. nevertheless present evidence that inflation expectations and inflation have come down in inflation-targeting countries, and by more than one would have expected ex ante, but in many cases their "control" countries, such as the U.S. and Australia (prior to the adoption of inflation targeting), also had similar experiences. The above authors' evidence is thus suggestive, but is unlikely to convince many of those who may be skeptical. Indeed, Ball and Sheridan (2003) emphasize macroeconomic performance in control countries as well, and come to exactly the opposite conclusion-that once one allows for mean-reversion in inflation and other macroeconomic time series, there is no evidence that adopting inflation targeting has had any benefits, because countries that adopted inflation targeting were exactly those with above-average inflation prior to adoption.
The present paper asks a less ambitious question and, as a result, obtains much sharper The present paper investigates to what extent we see such an improvement in financial market and private sector forecasts of short-term interest rates in the U.S. over the past 15 years, given the increases in Federal Reserve transparency that took place over that period (Table 1 ). In particular, we document: 1) an improvement in financial markets' ability to forecast the federal funds rate, 2) a reduction in financial market surprises around Federal
Open Market Committee (FOMC) announcements, 3) a reduction in financial market ex ante uncertainty about the future course of short-term interest rates, as measured by in- A few earlier authors have studied financial market forecasts of short-term interest rates in the 1990s. Poole and Rasche (2000) and Poole, Rasche, and Thornton (2002) note that the frequency of days on which federal funds futures rates changed by a large amount (6 basis points or more) decreased from the pre-1994 to the post-1994 period, and that some case studies of federal funds futures behavior around FOMC meetings also suggest that markets have become better able to anticipate FOMC decisions since February 1994. Lange, Sack, and Whitesell (2003) econometrically document a steady improvement in financial markets' ability to forecast the federal funds rate across three recent subsamples:
pre -1989, 1989-1993, and 1994-2000 . The present paper updates the sample period of these earlier studies to include data since mid-2000 and finds some of their results to be fragile, due to a dramatic deterioration in financial market forecast accuracy since January 2001. 
Financial Market Interest Rate Forecast Accuracy

Federal Funds Futures
The basic pattern of an improvement in financial markets' ability to forecast shortterm interest rates throughout the 1990s can be seen in Figure 1 , which graphs the federal funds futures market's forecast errors from October 1988 through June 2003.
Federal funds futures contracts have traded on the Chicago Board of Trade exchange since October 1988 and settle based on the average federal funds rate that prevails over a given calendar month. 3 The market is liquid, volumes for the current-month and nearfuture (next one to six months) fed funds futures contracts are high, spreads are narrow, and risk premia are small (Gürkaynak, Sack, and Swanson (2002) ). Most importantly, Krueger and Kuttner (1996) , Rudebusch (1998), Faust, Swanson, and Wright (forthcoming) , and Gürkaynak, Sack, and Swanson (2002) have shown that federal funds futuresbased forecasts pass standard tests of efficiency.
The top panel of Figure 1 plots the absolute value of the 1-month-ahead federal funds futures forecast error, defined to be the realized average federal funds rate for a given month minus the fed funds futures forecast made on the last day of the previous month (e.g., the realized average federal funds rate for June minus the market forecast for June as of May 31). The bottom panel plots the absolute value of the 3-month-ahead market forecast error (e.g., the realized funds rate for June minus the market forecast dated March 31).
Both panels of Figure 1 . This deterioration is readily apparent in Figure 1 and is confirmed by the decrease in magnitude and statistical significance of the downward trends when they are estimated over the full sample (Table to Figure 1 ). In light of this significant deviation from the earlier trend, the brief rise in market forecast errors that occurred in 1994 and early 1995 begins to take on added significance as well, and previous authors' conclusion that increases in FOMC transparency have led to improved financial market forecasts becomes much more questionable-for example, perhaps it was a decline in federal funds rate volatility, or real GDP or inflation volatility, over the 1990s that was responsible for the improved financial market forecasts over this period, rather than increases in Federal Reserve transparency.
We will return to these questions and address them directly in section 3, below.
Surprise Component of FOMC Announcements
The general patterns in Figure 1 are representative of those in a wide variety of financial market and private sector forecast accuracy measures. Figure 2 day eurodollar rate prevailing on the day of expiration; thus, changes in the eurodollar futures rate mainly reflect revisions to financial markets' outlook for the federal funds rate over a 3-month window beginning on the day of expiration, which we pick to be about 3 months ahead. 5 The primary advantage of measuring policy expectations farther out the term structure, as in these data, is that market reactions to FOMC announcements 4 Intermeeting policy decisions have typically been announced shortly after the decision both pre-and post-1994; again, these announcements have been explicit rather than implicit since 1994. There are also a few pre-1994 announcements that do not conform to these general timing rules: see Kuttner (2001 Kuttner ( , 2003 , Poole, Rasche, and Thornton (2002) , and the Appendix to this paper for details.
5 The 90-day eurodollar rate is the interest rate paid on 90-day interbank time deposits of U.S. dollars in London. Daily quotes are produced by the British Bankers' Association. The 90-day eurodollar rate very closely tracks the expected federal funds rate over the 90-day term of the deposit (Gürkaynak, Sack, and Swanson (2002) ). Both spot eurodollars and eurodollar futures are highly liquid, although only the eurodollar futures contracts with expiration in March, June, September, and December are actively traded, so to keep the forecast horizon roughly constant at a 3-month window beginning 3 months ahead, we interpolate between the current-and next-quarter contracts. See the Appendix for details.
will be much less sensitive to the exact timing of monetary policy actions: for example, markets may correctly forecast the size and sign of the next policy move, but be unsure as to whether it will occur at the next FOMC meeting or the meeting after. The federal funds futures surprises in the top panel can be very sensitive to these timing surprises, while the longer-horizon eurodollar futures surprises in the bottom panel will not be-in support of this observation, note that the surprises in the bottom panel are often smaller than those in the top panel, despite the longer forecast horizon. 
Eurodollar Options
While financial market forecasts of short-term interest rates in the 1990s were becoming more accurate ex post, market participants were becoming more certain of their forecasts ex ante as well. Figure The top panel plots the implied volatility in basis point terms derived from eurodollar options with six months to expiration, sampled on days before regularly scheduled FOMC 6 Gürkaynak, Sack, and Swanson (2002) show that timing surprises make up a significant fraction of market forecast errors at short (one month or less) horizons.
7 The October 15, 1998 intermeeting ease is the obvious exception to this general rule.
8 Eurodollar options settle based on the value of the current-quarter 90-day eurodollar futures contract at expiration (which essentially equals the spot 90-day eurodollar rate at expiration). Only the March, June, September, and December options contracts are actively traded, so we interpolate between contracts to maintain a roughly constant six-month-ahead forecast horizon. See the Appendix for details.
meetings. We multiply the implied volatility on the option (where "implied volatility" is the usual measure that assumes a lognormal distribution for the underlying rate) by the expected 90-day eurodollar rate in order to express the implied volatility in basis point terms rather than in logs 9 -the problem with implied volatility measured in logs is that it effectively divides uncertainty about the interest rate by the expected level of the interest rate, and the level of the expected 90-day eurodollar rate has been at all-time lows recently; thus, the recent surge in implied volatility (measured in logs) might simply reflect the recent fall in the level of interest rates rather than any increase in market uncertainty (measured in basis points) about the eurodollar rate itself. The recent upswing in uncertainty that is evident in Figure 3 is immune to this criticism, and clearly depicts an increase in market uncertainty about the eurodollar rate itself, measured in basis points.
To ensure that the trends in the top panel are not an artifact of the lognormal distributional assumption, the bottom panel of Figure 3 plots a simple measure of market uncertainty for a more flexible functional form for the probability distribution on the underlying eurodollar rate. This requires using multiple eurodollar options, each with the same expiration date but a different strike rate. 10 The difference between the 75th and 25th percentiles of the implied distribution for the underlying eurodollar rate is then plotted. As can be seen in the figure, the overall patterns in financial market uncertainty are not sensitive to the lognormal distributional assumption.
Financial markets' ex ante uncertainty about the eurodollar rate has trended downward very strongly since 1989, as is evident in Figure 3 and as confirmed by the significant negative time trend and post-1994 dummy variables in the accompanying 
Cross-Sectional Dispersion of Private Sector Forecasts
Finally, just as financial markets were becoming more certain of their short-term interest rate forecasts ex ante, their forecasts were converging toward greater unanimity as well. In other words, if we blame the recent losses in forecast accuracy on increased volatility in the federal funds rate, then do we also have to attribute the earlier gains in forecast accuracy to reductions in federal funds rate volatility, rather than to increases in Federal
Reserve transparency? We now turn our attention to these very important questions. To investigate whether rapid changes in the federal funds rate can help explain the pattern of financial market forecast errors and uncertainty seen in the data, we need a measure of recent federal funds rate volatility or "momentum." Figure 5 We regress our four measures of interest rate forecast accuracy from the preceding section on the federal funds rate momentum and macroeconomic uncertainty measures described above. In general, we expect estimated coefficients on these variables to be positive, since increases in these variables should tend to raise financial market forecast errors and uncertainty about interest rates. We also include a time trend or post-1994 dummy variable in the regressions to see whether the earlier improvements in private sector forecast accuracy through December 2000 noted in the preceding section remain once we control for these other factors. Results from these regressions are reported in Table 5 . The results in Table 5 strongly support the hypothesis that high federal funds rate momentum leads to a deterioration in financial market forecast accuracy, and increases in financial market ex ante uncertainty. The coefficients on the momentum variable are in all cases positive and very highly statistically significant, indicating that a federal funds rate that has moved substantially in the recent past is also more difficult to forecast going forward. According to the coefficient estimates in Table 5, The final-and perhaps most important-observation to take away from Table 5 is the robustness of the underlying time trend observed in the preceding section to the inclusion 13 Nonetheless, macroeconomic uncertainty does possess some marginal explanatory power beyond federal funds rate momentum, in the sense that when all three variables are included in the regression simultaneously, the hypothesis that the macroeconomic uncertainty variables do not enter can be rejected in almost every case. Thus, macroeconomic uncertainty does appear to play a contributing, albeit secondary, role in explaining the broad patterns we see in the financial market interest rate forecast data. of these other explanatory variables in the regressions. Even when all of our interest rate momentum and macroeconomic uncertainty measures are included, the time trend is always negative and almost always highly statistically signficant. Moreover, these regressions are all estimated over the full sample through June 2003, over which the time trend by itself was in many cases not statistically significant in the preceding section. To be sure, the estimated downward trends in Table 5 are less steep (by about one third) than those estimated earlier, without any controls, through 2000; thus, controlling for momentum and macroeconomic uncertainty does qualify, at least quantitatively, the trend improvements in financial market forecast accuracy we estimated earlier. But the overall existence of the downward trend seems to be a robust feature of the data that is not overturned by the recent deterioration in financial market forecasts and cannot be explained by a simple secular decline in federal funds rate volatility or macroeconomic uncertainty over the sample.
Explanations for the Downward Trend
While a trend improvement in financial market forecasts of short-term interest rates appears to be robust feature of the data, the underlying causes of this trend are not immediately clear. One possibility, of course, is that increases in Federal Reserve transparency over the period improved financial markets' ability to forecast the future course of monetary policy-this explanation is offered, for example, by Lange, Sack, and Whitesell (2003) and Poole, Rasche, and Thornton (2002) , to explain their empirical findings of better financial market forecasts. A compelling alternative explanation, however, is that there have been significant improvements in the private sector's ability to forecast macroeconomic times series in general: for example, there could have been significant improvements in the private sector's forecasting technology over this period (through improvements in econometric methodology and increases in computing power), or alternatively, forecasters could simply have benefitted from "good luck," to the extent that the size and frequency of shocks buffetting the U.S. economy may have fallen over the period covered by our data.
To distinguish between these competing explanations, we compare the behavior of private sector forecasts of interest rates over our sample to the behavior of private sector forecasts of other macroeconomic variables: in particular, GDP and inflation. Figure 6 presented cross-sectional dispersion of private sector forecasts of real GDP growth and inflation, and Figure 7 graphs the private sector's ex post realized forecast errors for these variables over the same period, defined as the difference between the ex post realized value of real GDP growth (top panel) or GDP deflator inflation (bottom panel) for a given quarter minus the one-quarter-ahead Blue Chip Consensus forecast made the previous quarter. Note that, in contrast to the cross-sectional dispersion series in Figure 6 , the series in Figure 7 exhibit gaps around the dates of NIPA benchmark revisions (December 1991 , January 1996 , and October 1999 , because revisions to GDP growth rates on these datesresulting from, e.g., switching to chain-weighting and reclassifying business and government software purchases as investment-may increase forecast errors simply because private sector forecasters failed to predict the definition of GDP rather than the underlying state of the economy. We thus omit forecast errors that would be affected by these benchmark revisions from our analysis. 16 While there is some improvement in private sector forecasts of inflation over this period, as evidenced by downward trends in the cross-sectional dispersion of inflation forecasts at the one-and four-quarter-ahead horizons, and in inflation forecast errors at the one-quarter-ahead horizon, the private sector's forecasts of GDP growth have, if anything, worsened over the same period.
In contrast, private sector forecasts of short-term interest rates over this period have improved remarkably, both in absolute terms and relative to the forecasts of GDP growth and inflation. The estimated downward trends for the interest rate forecast errors and cross-sectional dispersion in Table 6 are both greater in magnitude and much more statistically significant than are those for the forecasts of real GDP growth and inflation.
The implication is that improvements in forecasting technology and "good luck" have only and by how much FOMC announcements reduced (or increased) market uncertainty about the future course of interest rates at a horizon of about 6 to 9 months. There is nothing that requires this market uncertainty to fall in response to FOMC announcements, but over most of our sample this has typically been the case-the mean of the series is negative and a large majority of the observations are also negative.
The most striking feature of Figure 8, Figure 8 suggests that the Federal Reserve's shift to explicit monetary policy announcements has significantly reduced financial markets' uncertainty about the future course of short-term interest rates, not only for the overnight rate in the immediate future, but even for the level of short-term interest rates at horizons as far ahead as 6 or 9 months.
Conclusions
Private sector forecasts of short-term interest rates in the U.S. have shown dramatic improvements over the past 15 years, as evidenced by: 1) a reduction in federal funds rate forecast errors at horizons out to several months, 2) a fall in financial market surprises in response to FOMC announcements, 3) a reduction in financial market ex ante uncertainty about the future course of interest rates, derived from interest rate options, and 4) a fall
17 Our results in the graph carefully take into account the exact timing of when FOMC decisions became known to the markets-in particular, recall that FOMC announcements prior to 1994 implicitly took place through the size and type of the next open market operation following the FOMC's decision.
in the cross-sectional dispersion of private sector forecasts of short-term interest rates. Despite a recent upswing in private sector forecast errors and uncertainty since January 2001, an overall downward trend appears to be a robust feature of the data that remains even after controlling for changes in federal funds rate "momentum" and uncertainty about the state of the U.S. economy that took place over the period.
The underlying causes of the downward trend cannot be determined with certainty, but two pieces of evidence strongly suggest that increases in Federal Reserve transparency have played a role. First, market forecast errors and cross-sectional forecast dispersion for interest rates have fallen substantially, while those for GDP and inflation generally have not, indicating an improvement in the private sector's ability to forecast interest rates above and beyond any improvements in forecasting other macroeconomic variables.
Second, market uncertainty about the future course of interest rates even 6 to 9 months ahead typically falls substantially after explicit policy announcements and accompanying explanatory statements by the Federal Reserve-which have been made since February 1994-but shows no significant response to the implicit, unexplained policy announcements that were made by the Fed prior to that date. Although most of the improvement in financial markets' ability to forecast interest rates over the 1990s appears to have been gradual rather than directly linked to February 1994, it seems reasonable to infer from the above observations that other changes in FOMC transparency, such as those listed in Table 1 , have also contributed to the widespread improvement in financial market and private sector forecasts of short-term interest rates that took place over this period.
Appendix
Dating of FOMC Announcements
Our dating of FOMC announcements follows Kuttner (2001) and Poole, Rasche, and Thornton (2000) in all respects except as noted below.
Beginning with the February 1994 FOMC meeting, policy announcements on scheduled FOMC meeting dates are assumed to have taken place at 2:15pm the last day of the FOMC meeting. Prior to 1994, FOMC decisions regarding the federal funds rate are assumed to have been implicitly announced the following morning through the size and type of open market operation.
There are a few exceptions to these dating conventions. The intermeeting policy move on October 15, 1998 was announced at 3:15pm, after the close of federal funds futures, eurodollar futures, and eurodollar options markets. The 25bp easing at the November 13, 1990 FOMC meeting was followed by a very volatile federal funds market the following two days; thus, the "Credit Markets" column of The Wall Street Journal did not recognize the policy action until two days later than usual, on November 16.
18 The 25bp easing on October 18, 1989, was actually perceived by markets to have taken place on October 16-before the actual FOMC decision-as the Desk decided (in consultation with the Chairman) not to offset excess reserves in the market due to stock market turmoil, the SF earthquake, and anticipation of the FOMC's action two days later (see Kuttner (2003) ).
In general, the exact dating of other intermeeting policy moves prior to 1990 is somewhat ambiguous, with alternative series published by the Federal Reserve Bank of New York and unofficially by the FOMC Secretariat's office. We use the timing of announcements as published by the FRBNY, since we have typically found this to correspond to the date on which the policy action became known to the markets, but we drop changes in the FRBNY federal funds rate target series that do not appear in the Secretariat's listing of policy changes, since these are typically small (6.25bp) and were presumably minor technical adjustments in the Desk's day-to-day targeting operations.
See Kuttner (2001 Kuttner ( , 2003 and Poole, Rasche, and Thornton (2002) for additional details and a listing of dates.
Federal Funds Futures
Federal funds futures contracts settle based on the average federal funds rate realized over a given calendar month (the contract month). In order to convert this monthly expectation to a forecast for the outcome of the next FOMC meeting, we must assume that market participants assign zero probability to a policy change occurring on any date other than the FOMC meeting date. This assumption is standard in the literature, but to the extent that it is not warranted in a few instances, our forecasts for the outcome of the FOMC meeting will be measured with error. We also make an adjustment for deviations of the federal funds rate from the target rate prevailing on the date of the ex ante forecast up through the date of the FOMC meeting, since these deviations would be priced into the federal funds futures contract ex post, but would not be forecast errors associated with the outcome of the meeting, because they are confined entirely to the intervening period.
Like Kuttner (2001) , we use the same-month federal funds futures contract for each FOMC meeting to calculate the implied forecast for the outcome of the meeting (Poole and Rasche (2000) and Poole, Rasche, and Thornton (2002) use the next-month contract). Like Kuttner, we scale up the surprise in the same-month contract (i.e., the ex post value of the contract minus the ex ante value) by the number of days in the calendar month divided by the number of days remaining after the FOMC meeting, in order to yield the implied surprise in the outcome of the meeting. For late-month meetings (those that occur in the last six days of the month), we use the next-month federal funds futures contract. See Kuttner (2001) for additional description and details.
Eurodollar Futures
Eurodollar futures contracts have traded on the Chicago Mercantile Exchange since 1984 and settle based on the spot 90-day LIBOR rate quoted by banks on the day of settlement. They are currently the most actively traded futures contracts in the world. Only the March, June, September, and December eurodollar futures contracts are actively traded, however. Since FOMC meetings occur at various points throughout the quarter, using the next maturing eurodollar contract would introduce variation in the horizon of the forecast, from as little as a few days to settlement, to as much as 3 months. As in Faust, Rogers, Swanson, and Wright (2003) , we interpolate between adjacent eurodollar futures contracts to maintain a constant horizon of about 3 months after each FOMC meeting. Thus, if the FOMC meeting occurs on the xth day of the quarter, then we put a weight of (91 − x)/91 on the eurodollar futures contract that settles at the end of the quarter containing the FOMC meeting, and a weight of x/91 on the eurodollar futures contract that matures at the end of the following quarter. The resulting measure approximates market expectations for a 90-day rate 90 days ahead, which corresponds to the expected federal funds rate from day t + 90 to day t + 180, where t denotes the date of the FOMC meeting. See Gürkaynak, Sack, and Swanson (2002) for additional description and details.
Eurodollar Options
Eurodollar options have traded on the Chicago Mercantile Exchange since January 1989. A eurodollar call option with strike rate r and expiration date d gives the holder the option of making a 90-day eurodollar deposit on date d at the interest rate r. Using eurodollar futures data, we can estimate the expected value of the 90-day eurodollar rate on the expiration date d of the options contract. We then assume that the 90-day eurodollar rate on date d is a lognormally-distributed random variable, and use the price of the option to back out the implied volatility of this random variable. Because standardized eurodollar futures and options contracts have expiration dates only near the end of each quarter, we interpolate between the prices of adjacent eurodollar futures contracts, and adjacent eurodollar options contracts, to obtain estimates of a constant-horizon (in this case, six-month-ahead) expected 90-day eurodollar rate and implied volatility for this rate.
A problem with the usual measure of implied volatility, however, is that it is a dimensionless quantity that represents the standard deviation of the log of the variable of interest-i.e., if the random variable X is lognormally distributed, with log X having mean µ and variance σ 2 , then the "implied volatility" of X is σ. Since the level of the expected 90-day eurodollar rate has been at all-time lows recently, the recent surge in implied volatility σ may simply reflect the fall in the level of interest rates, rather than any increase in market uncertainty about the eurodollar rate itself.
A more useful measure of uncertainty about interest rates is thus the implied standard deviation of the 90-day eurodollar rate (also called the "implied volatility in basis point terms"), which multiplies the usual implied volatility σ by the expected value E[X] of the 90-day eurodollar rate. Although technically the standard deviation of X is e
, these two measures are so close as to be visually indistinguishable in Figure 3 . t-statistics reported in square brackets. Left-hand side variable is change in market uncertainty from Figure 8 .
